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Abstract-An in situ cylindrical porewater 
sampler, with interval stackers and a nondegrad- 
able membrane, is described. Both horizontal and 
vertical gradients of dissolved constituents in 
porewater can be assessed. Sampling at 4-cm in- 
tervals within Myriophyllum spicatum root zones 
showed that steep depletion contours of dissolved 
phosphate occur, delimiting the zone of root in- 
fluence. 
Recent studies have shown the impor- 
tance of sediment phosphorus in the nutri- 
tion of submerged, rooted macrophytes (see 
Carignan 1982). Carignan found that root 
absorption of phosphate should predomi- 
nate over shoot absorption when the con- 
centration of dissolved phosphate in the 
overlying water is lower than that in the 
sediment porewaters. If so, then root ab- 
sorption of dissolved phosphate should re- 
sult in depletion of phosphate in the pore- 
waters within active root zones. For a plant 
such as Myriophyllum spicatum (Eurasian 
water milfoil), which has a well developed 
fibrous root system, depletion contours 
should be easily measurable and recogniz- 
able. 
We report here a dialysis technique for 
the in situ measurement of concentration 
gradients of dissolved nutrients in macro- 
phyte root zones. Using this technique, we 
have measured depletion of porewater 
phosphate both horizontally and vertically 
within Myriophyllum root zones. 
We thank D. Omond for technical and 
field assistance. S. Painter provided the idea 
for this study. G. Bayly drafted the figures. 
We sampled vertical porewater profiles 
using an in situ dialysis sampler of cylin- 
drical design. By placing samplers at close 
intervals along a short transect passing out- 
ward from the Myriophyllum root crown, 
we could measure both horizontal and ver- 
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tical gradients of dissolved nutrients within 
the root zone. 
The dialysis probe (Fig. 1) was a modified 
version of Hesslein’s (1976) design in which 
dissolved constituents diffused from the 
sediment porewater across a membrane and 
into deionized water in the sampler com- 
partments initially free of the dissolved 
species. Externally, the probe was similar to 
that described by Mayer (1976), who used 
a perforated Lucite tube to house the dialy- 
sis materials. Our sampler consisted of a 
perforated Lexan sleeve (40 x 3 cm) with 
a solid tapered base and a threaded top por- 
tion which was capped. Additional sections 
of sleeve, threaded at both ends, could be 
joined to the main sampler body when 
deeper sampling was desired. The perforat- 
ed sleeve helped protect the membrane sur- 
face inside. 
Internally, the probe was compartmented 
by stacking ten small vials (“stackers”) end 
on end. Each stacker (Fig. 1) had three side 
ports covered by a sheet of biologically inert 
polysulfon membrane (Gelman HT-450, 
pore size 0.45 pm) which was glued along 
one side and secured around the ends with 
O-rings. The complete probe (sleeve, cap, 
and 10 stackers) took several hours to ma- 
chine. Stackers were 4 cm tall with port 
openings of 2 cm, so that the assembled unit 
sampled alternate 2-cm vertical intervals of 
porewater. Each stacker held a 1 O-l 2-ml 
sample which was emptied by hypodermic 
syringe through the rubber septa in the ends. 
Stackers were filled with deionized water 
and deoxygenated by overnight equilibra- 
tion in a closed bath of distilled water 
through which nitrogen gas had been bub- 
bled. The assembled sampler was inserted 
in the anoxic sediments and equilibrated in 
situ for 10 days. Equilibrium with respect 
to phosphate was reached in several days, 
determined experimentally by varying the 
in situ equilibration time from 1 to 27 days. 
Upon retrieval, porewater samples were 
quickly withdrawn from the stackers and 
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INTERNAL UNIT SAMPLER (“STACKER”) 
LENGTH = 4 cm 




Fig. 1. Schematic diagram of the cylindrical di- 
alysis probe. The probe was constructed to house 10 
internal unit samplers (“stackers”). Complete sampler 
is 46 cm long. 
injected into preacidified polyethylene tubes. 
Soluble reactive phosphate (SRP) was mea- 
sured within a few days (Stainton et al. 1977). 
The sampling was done in a shallow (2 = 
1.6 m), milfoil-dominated bay in meso- 
trophic Lake Opinicon, Ontario, in Septem- 
ber and October 198 1 and again in May 
1982. In total, nine milfoil root zones were 
sampled. Sediments in the bay were very 
flocculent, with high water and organic mat- 
ter contents. 
Concentrations of SRP were higher in 
sediment porewaters than in the overlying 
bottom waters (Fig. 2). Concentration gra- 
dients of SRP occurred laterally as well as 
vertically through the root volume of the 
individual milfoil plants. Concentrations of 
SRP were lowest nearest the milfoil root 
SRP (pg her-l) 
L 50 cm I 
Fig. 2. Representative lateral-vertical profiles of 
porewater soluble reactive phosphate (SRP) content 
between the root crowns of adjacent Myriophyllum 
plants. Placement of sampler probes is indicated in the 
inset. Samples were collected 16 October 198 1. Bw- 
Bottom water. 
crown and increased with horizontal dis- 
tance from the plant. They were highest 
midway between the two plants (Fig. 2, pro- 
files 3-6). Apparently the lateral influence 
of milfoil roots on porewater SRP concen- 
trations extended to the point where there 
was no further large increase with increasing 
distance from the root crown. The roots of 
plant A depleted SRP over a radius of about 
10 cm around the root crown, and plant B 
depleted SRP over about a 20-cm radius. 
Obviously, the extent of depletion will de- 
pend on the size and condition of the plant. 
Seven of nine lateral-vertical SRP profiles 
measured in milfoil root zones showed this 
pattern of increasing concentration with in- 
creasing horizontal distance from the crown. 
Two showed no lateral gradient, indicating 
that active roots were absent from the sed- 
iment where the samplers were placed. 
The maximum depth of porewater influ- 
enced by milfoil roots is identified by the 
disappearance of the lateral gradient as ad- 
jacent profiles converge. In Fig. 2, the SRP 
concentrations of profiles 1 and 2 increased 
below 22-cm depth, and profile 2 converged 
with profiles 3 and 4 at 32 cm. Profile 1 can 
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We report with regret the death of 
Francis A. Richards on 9 May 1984, 
shortly before his 67th birthday. A 
well known chemical oceanographer, 
Dr. Richards was editor of Limnol- 
ogy and Oceanography from 1963 to 
1968 and continued to serve as as- 
sistant editor until 1974. In 1965 he 
prepared the Alfred C. Redfield 75th 
Anniversary Supplement to L&O; he 
had worked with Dr. Redfield at 
Woods Hole Oceanographic Institu- 
tion for several years, and editing that 
volume was a labor of love. 
Dick Richards received his Ph.D. 
at the University of Washington un- 
der Thomas G. Thompson, and after 
the time at Woods Hole and a Gug- 
genheim year in Oslo returned 
as a member of the faculty. He be- 
came editor of Deep-Sea Research, 
first as co-editor with Mary Swallow 
in 1974 and since 1977 as sole editor. 
At the time of his death, he was a 
Professor in the School of Oceanog- 
raphy at the University of Washing- 
ton. He had come back at the begin- 
ning of the current academic year 
from 2 years as Chief Scientist at the 
US Office of Naval Research Branch 
Office in London. He performed a 
similar function, as Liaison Scientist, 
from 1977 to 1979 at ONR Far East 
in Tokyo; he had previously spent a 
sabbatical year in Tokyo and Kyoto. 
His colleagues in all these places will 
miss him. 
